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I. INTRODUCTION

A set of FORTRAN subroutines for contour plotting has been prepared.
These subroutines accept arrays of X, Y, and Z coordinates as input and draw
contours of constant values of Z. The present version has been prepared for
use on the Interdata system located in the Systems Simulation and Development
Directorate of the US Army Missile Command (MICOM) at Redstone Arsenal,
Alabama. The subroutines can be adapted to any other computer installation
having output graphics capability by rewriting certain subroutines which
provide the commands to the output graphics devices. A later section of this
documentation will ocutline those changes necessary to transfer to another
system.

The source program for the complete set of subroutincs is contained in
Appendix A. THe source program is in FORTRAN.

II. OPERATION AND FEATURES

The contour plotter operates by finding the intersection of a plane
parallel to the X-Y plane with a plane constructed so as to pass through
three neighboring grid points. The theory of this operation is presented
in the Theory Section. Since the intersection of two planes is a straight
line segment, the contours are comprised of straight line segments. Clearly,
the smaller the mesh, the more contour detail will be revealed. It 1is not
necessary that the X-Y grid be uniform or even rectangular.

In normal operations the subroutines will automatically carrv out scaling
operations to set up appropriate scale factors. When this mode of operation
is selected, the scaling will be such as to include the maximum and minimum
values of X and Y.

If desired, it is possible to enable an option which causes the plot
to "zoom in" to cover any desired rectangular region. In this case, the
plot scales are automatically adjusted so that the desired region fills the
display space on the output graphics device.

As previously noted, the grid does not have to be rectangular. It should
be noted that sometimes, the use of non-rectangular grids may result in plots
which display a skew distortion.

A contour numbering option is available which causes the contours to be
numbered sequentially. If the numbering option is used, it is necessary to
specify a parameter which identifies the number of points on a contour to be
plotted between the numbering. If the number of points between numbering
is given as zero, the contour will be numbered the first time that a point
is plotted and not thereafter. Not all contours need be numbered.

The contour plotting package is not limited in the number of grid points
which may be supplied or in the number of separate value of Z for which contours
may be drawn. However, it must be noted that large arrays of grid points mav
make the plotting process very slow. In the present version, the maximum
number of contours which may be labeled is fifty.




II1. THEORY OF OPERATION

The basis for operation of the contour plotter lies in several elementary
geometric concepts. Specifically:

® The intersection of two planes is a straight line

® A plane can be constructed which passes through any
three distinct points in space

® A stralght line segment is uniquely determined by its
end point

In actual operation, the plotter works by scanning through the grid
in a columnar manner considering four neighboring grid points, A typical
set of four neighboring grid points is shown in the figure below. This set
of points forms the complex A,B,C,D. 1In this figure, upper case symbols
represent points in the three dimensional space X, Y, Z and the lower case
symbols represent the projection of the corresponding upper case point onto the
X, Y plane.

m efo

In order to plot a contour, the continuous surface in the region of the
complex 18 approximated by the four triangular plane areas (or platelets)
shown in the figure as ABG, BCG, CDG, and DAG. Points e, f, and g all lie on
the intersection of the diagonals ac and bd. Thus, the points E, F, and G all
have the same X and Y coordinates as the intersection point g. These coordinates
are easily computed from the coordinates of the projected points a, b, c and d.
Thus,
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Using linear interpolation, the Z coordinates of points E and F are computed
as:

2 2
&g - X7 + (g - ¥

Zp = 2y + (Zg - 2)) 2 7
% - X7+ (g - 1

2 2 t

(% - X%+ (¥, - ¥

Zp =2+ (2 - 29 - 2 7
(Xp - Xp)" + (¥ - ¥p)

The Z coordinate of G is chosen to be the mean of ZE and ZF’ i.e., i

- (zg + 2)
G 2 |

Each of the four platelets (e.g., ABG) is examined to determine if a plane
parallel to and a distance Z above the XY plane will intersect with that
platelet. 1In order to make this determination, the Z values of the vertices
of the platelet are placed in ascending order. The desired Z value is then
compared to the largest and smallest values of the vertex values. If the
desired value lies within the range, the plane will intersect the platelet.
Further, if the desired contour value is greater than the intermediate point 2
value, the contour plane will intersect the edges of the platelet which connect
the vertex having the maximum Z value with the vertex of minimum value and with
the vertex of intermediate value. If the contour value is less than the
intermediate point Z value, the contour plane will intersect the edges of the
platelet which connect the vertex having the maximum Z value with the vertex
of minimum value and with the vertex of intermediate value. If the contour
value is less than the intermediate point Z value, the contour plane will
intersect the edges of the platelet which connect the vertex of minimum 2
value with the vertex of maximum value and with the vertex of intermediate
value.

The coordinates of the edge intersection points are then determined by a
linear interpolation. Let (X ,Y ,2 ), (X Y ), and (X , ,
max~ max max mi

n
Ymin’
then,

int’ “int’ Zint

Y/ ) be the ordered sequence of vertices of a platelet., If Z > Z
min int
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i max (2 -z ) (Yint max
int max
(-2 )
X, =X+ max X . -X
j max (2 ., -Z ) min max
min max
(z -2 ax)
Yj = Ymax + z . -2 ) (Ymin - Ymax)'
min max
If Z < Z, then ;
int i
(z-2z .
in
X, =X ., + L X, . -X_)
i min (Zint Zmin) int min |
1
z-z.)
min
Y. =Y + x -Y . )
i min (Zint Zmin) int min
]
z-2_.)
min
= + -
xj xmin (z -2 ) (xmax Xmin)
max min
(z-2.)
min
Y.=Y + (Y -Y ).
j min (Zmax zmin) max min
A line 1s then drawn from the point (Xi, Yi) to (Xj, Yj)'

This process 1is carried out for all four of the platelets at the end of
this cycle. At this point a portion of the contour is complete as shown by
the line mnop in the figure. The entire process is repeated for each set of
four neighboring points.

It should be noted that a somewhat similar algorithm could be designed
using only two platelets to represent the surface. In this case, a diagonal
would be drawn between two of the diagonal points. For example, the platelets
might be ABC and ACD. This choice of platelets sometimes results in a
skewing of the contours. The four platelet scheme essentially eliminates this
skewing. To the best of the author's knowledge, the four platelet scheme has
not been previously described.




IV. CALLING SEQUENCE

To utilize the package as a contour plotter, the following FORTRAN
statement must be used:

CAlL SLICE (zv,X,Y,Z,M,N,MM,NN,NZ,MS,Z00M,XL0,XUP,YLO,YUP,TYPE, TAG,
NTAG,TAGV,NTIMES).

The arguments in this call have the following meanings and characteristics.

Argument Type Dimension’ Definition
] zv REAL Nz The Z values of the contour to be
g' drawn _
:i X REAL MMXNN The X values of the grid points é
- |
Y REAL MMXNN The Y values of the grid points j
Z REAL MMXNN The Z values of the grid points
; M INTEGER The number of "columns" in the X-Y
grid
N INTEGER M The number of grid points in each
"column'?
MM INTEGER The maximum number of "columns" in
the grid?
NN INTEGER The maximum number of "rows" in the
3
grid
NZ INTEGER The number of contours to be drawn
MS INTEGER If the zoom option is not selected

and 1f MS=1, automatic scaling of
the grid will occur.

Z0OM LOGICAL If ZOOM is true, the ZOOM option is
selected

XLo REAJL Minimum X value of the plotting
window

Xup REAL Maximum X value of the plotting
window

YLO REAL Minimum Y value of the plotting
window

11f not a simple variable.
2Fach "column" need not have the same number of points.
3variable dimension statements are utilized for several variables.

e




Argument Tvpe
YUP REAL
TYPE INTEGER
TAG LOGICAL
NTAG INTEGER
TAGV INTEGER

NTIMES INTEGER

The first use of subroutine SLICE or any of the other subroutines which
utilize output graphic pen motion must be preceeded by the following two calls:

CALL INIT

Dimension’

NZ

NTAG

CALL DEVICE (NDV)3

Successive calls to SLICE should be separated by
CALL PAGE
which erases the screen.

CALL COPY

causes a hard copy to be produced.

"1If not a simple variable

ZNot all contours need be tagged if the tag option is selected.

number NDV is dependent upon the output graphic device being
1 for HP2648 Terminals
2 for TEK4006 and TEK4051 Terminals
3 for TEK4014 Terminals
4 for TEK 4662 Flat Bed Plotter

3The device
used: NDV
NDV
NDV
NDV

A call to subroutine COPY

Definition

Maximum Y value of the plotting
window

Sets the type of line to be drawm
for each contour. Permissible
values are 'LINE', 'DASH', 'DOT'

If TAG is true, the contours specified
in TAGV will be labeled with their
contour number the first time a point
is plotted in the window and every
NTIMES points thereafter,

The number of contours to be tagged

A vector containing the contour
numbers of the contours to be tagged?®

The number of points plotted within
the plotting window between labeling
of the contours, If NTIMES = 0, the
contours will be tagged at the first
point plotted only.




If this package is to be adapted to another computer system or graphics
package, it will be necessary to rewrite certain subroutines. These subroutines
provide basic graphics operations such as pen motion, etc. In the paragraphs
to follow, these subroutines and their functions are described.

SUBROUTINE UWINDO (XLO,XUP,YLO,YUP)

This subroutine should set the upper and lower bounds on the X and Y
coordinates of the display window. These values are respectively XUP, XLO,
YUP, YLO. Note that these values are in virtual units, i.e., number being
plotted, and are not meant to be physical distance units on the displav.

SUBROUTINE UMOVE (X,Y)

This subroutine causes the pen to move from its current location to a
point having virtual coordinates X,Y. This pen movement is accomplished
with the pen "up", i.e., no line is drawn,

SUBROUTINE UPEN (X,Y)

This subroutine causes a line to be drawn from the current pen position
to the point having virtual coordinates X,Y. If any portion of this line
occurs outside of the display window, that portion of the line should be
visible.

SUBROUTINE UPRNT1(N,B)

This subroutine causes an integer number N to be printed at the current
pen location., If that point is outside of the display window, the printing
should be invisible. The argument B is a dummy.

SUBROUTINE USET(A)

This subroutine is used to define the line type that is to be drawn for
all subsequent calls of UPEN until changed by another call of USET. If
A = '"DASH', the line is a dashed line. 1If A = "LINE' a solid line is drawn.
If A = 'DOT' a dotted line is drawn.

e 2a
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SBATCH

SUBROUTIVE SUICE(ZV XX, YY,Z2Z,M,N, MM, NN, NZ,M5,Z200M,XLO,XUP

YLO,YUP,1YPF.TAG,NTAG,TAGV,.NTIMES)

LOGLICAL 2Z0UM,TAG,NEWTAG

DIMENSLION XX(MM MN),YY{MM,NN) ,ZZ(MM NN),N(M),X(3),Y(3),Z2(3)

eXP(3),YP(3),2P(3),2VINZ), TX(4),TY(A).TZ(4) ,NENTAG(50)

INTEGER TYFE(NLZ),TAGVI(NTAG) ,MTAG(SU) .
CHRALELEESAREXBERRAPNEFLEPIRSEBRARERLANRERERRESEBERIFERSSSHEREKELE50%S
* THIS SURKUUTINE DRAsS A COnNTOUR MAP FOR THE 2 COMPONENTS '
* CURKESPUNDING TU A & SET NF WESH PDINTS. THE MESH DOES NOT
s HAVE TU bk RECTANGULAR. 1F 1T 1S DESIRED TO SEf UP APPRUPRIATE
. SCALE FACTORS, %S SHOULD RE 1
. ZVv IS an ARRAY CUwTAINING [HE VALIES OF Z FOR WHICH CONTOURS
L ARE DESIRLL
. I Zu0sa, Iktt, , THE FLIELD OF V1Fw WILL HE ZOUMED IN ON THE
* RECTAMGULAR AREA SPECIFIED oY XpLU0,Xu0.YLO,YUP. IF JNOT.20UM
* KLU, AUP XL, 1P » Ll RETURN THE !NEAT! VALUES COMPUTED FOR
L4 CSCalE
* MM OBAND NN ARE TufF =waXIMUM DIMENSIONS OF THE DOUBLE SUBSCRIPTED *
* VARLABLES a5 Glved IN (HE UKIGINAL ARSOLUTE UIMENSION STATENENTS
* THE INIEGEK veCror !IYPES 1S USED TO SET THE LINE TYPE FOR EACHs
]

*
%
*
]
*
.
]
.
.
*
*
*

LK 2R BK S 2K B N JBK % J

CuMlUuk, 1y IMé Llve TYPES ARF NOT SPECIFIEO, IHEY DEFAULT TQ »
SOLLD LIweS, fHe DASH LENGTH AND SPACE LENGIH ARE SET AT .0366 *
JHACHES. TYPES AvAajlt.AulE INCLUDE 'LINE','DQT,'DASH', L g
1r ‘Tag's.Teue. » IHE CUNTUURS SPECIFIEDH IN TAGV W#ILL BE TAGGED®
«llh [ARIR Covluuk NUMBER THE FIRST TIMF THAE CONTOUR APPEARS
1 [HE “INGOw, TRE wurnek 0F CONTUURS TU AE TAGGED [S NTAG L
THE AaAlMUs wiimgen UF CURVES THAT CAN RAF USEU wHEN THE TAG ¥
UFELs 1S SELECFED 15 %0, *
[ TAGGED CONTULRS wlll BE «ARKEL THE FIRST TIME THAT A 1
PJII«T 0y At Cuw'tiur 18 PuUPTED wITHIN THE wINDOW AND EVERY L
WilmeS Jl%weS (1HERPAFTEKR, .
vERSLIUN Ta¢ 7/10/80 *
BEESRRBE 4 IARFFA KB NERE AR RRARISSE SRR KRR ERARSERBERSREEEERREEFESRRIRS
IFC NP TAGY 50t 193
DEGAS 0098 AnS (N1 e i)
NELYS 007 spmus(YueeYLO)
DU 151 (=i, vz
mPa(Il)=l
151 W w lAGLT )2, Fablsc.
Dy 1952 I=t,048G
15¢ rEAGTAGUTAGV L) )= ThUF,
153 (unllINUF
nd) 150 1=1,%2
TECIIPECL D) onF L P LTNE Y ARG TIPE (L) (MR PNASKH? JAND,TYPE(I)NE, 'DOTY)
tvpE(L)="LiNg!
150 Cu~T1nUF
CALL UPSET('SETHASK',12,)
IFCLNUL L LUU 8 o ®m8abtal) CALL CSCALFEXX,YY, M, N, WA, NN XLD,XUP,
YL, YuP)
1F(Z200M) CALL oxInDUCALDAUE ,YLU,¥UP)
¥pARSMe]
Ui 10U 13) , a0
NMAASN( )=t
LE(VCI*L ) ot T o h)) WPMAKEN(Le) 1y
Du JUU JSL,nvanr
TF{nOT 200m) G TU S1u
Xu:lX(l.J)
YusYfr(i,J)
XLsXX(Ll,d)
L=yY(l,J)
VY 500 K131,2

13




S0

Sl

4u1i

qu2

2vu0
40v
100

MY R RS, 2

Aizienl=]

sJdsdend=1

Ir CAALR A ) (G AL RLEXR(RNE o v u)

Fraadlal, mdy r ate) AUSXA(KT L RJ)

Prey (v, b ) il ) LSt CnL )

te vy dn Rt af gy ) YeseYonl ed)d

PP LAY o D g AT, P N G AL o) o AU qUN cYi g LT YLD NR, YLG T YUP)
[T IR T A

LaerisScagk, 1)

AL )Eaatiey 00

IACSIS ALl auti

LANCSS a0, el

PYCT XSy (i,

CYC2ISY (et )

TYyfar=i¥tle 001

FYCad)Iutil, et

Ce L ITEdd o)

TPRAIBILLLeY L)

Tl 318L2L141,3401)

L2208 ,0+4))

X3R4 ) (2D

X31srX(3)=xi )

147225 ()Y (/)

Y3II=TY(3)=1y41)

DetiGMS1 420X 31wy 3144472

ACTLUIRN(I)*# (VI eix (1) *1Y (31 8X42=-(TX(AI¥TY(2)=TX(2)*TY(4))
*agl)/eniim

XCUUTA(Z)® Y ()= X(4)*TY(2)12Y3 1 (TX(1ISCTY(3)=TX(3)%TY(1))
SYI2)/uENU
LCISTZOU)HLTL(3)=TZ(1))ASUFL(((XCmTX(1)10824(YC=TY(1))%%2)}/
(X31*X314031%7131))

ZC2TEL ()¢ (TZ(4)=1Z2C2)I3SULHT(((XCoTXK(2)) 442+ (YC=TY(2))%%2)/
(X32%A02410.%10472))

LC=(2eCEvlC2Vr2,

AN REYAY

A{1)3xC

Y(u)syg

QU U (=f,4

L(2)=81CL)

A(r38Tx(0L)

| SOSENR ATy

[FiLbet 4) Gt Tu 4491

IARBEENARVES D]

X(3)314tL+1)

Y(3)=rY(Le1)

i T 904

413)31201)

A(3)21A(0Y)

Yi3)=tvy(y)

CALL SUNTI(X,1,2,XP,YP.2P)

U 400 K=1,.2

IE(TYIPE(RN) Fu. "I ) CALL UPSET('SETDLASH',92.)

Coabl IwPER(LVAIR) o XP,YP,ZP,TYPE(K) ,TAG,NFWTAG(K) ,K,NTIMES,MTAG(K)
JUPLX,DELY , XLU,XUP,YLO, YUP,Z0U0M)Y
IF(UIPE(R) 0. '00TY) CALL UPSET('SFTDASH',12.)
Cub L INJE

Cuntlinle

CUnTInlE

RETURN

END

SHBROUTENE INTER(ZV,X,Y,Z.TYPE,TAG,NENTAG,NTAG,NPTS,MPTS,
DELX,LELY XLV, XUP,YLO,YUP,200M)
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LUGICAL TAG,NERTAG,KLIP,L0UM
IHTEGRER TYWE

OIMENSTON x(3),¥L3),4(3)
SRELBCRANSEEESEB 040445 RRS 400052 RBRRRRRRSRRIRERREREEASREENNERRSSE

P P P USSR SN

THIS SUdRuLTing IS CALLED HY SLICE AND DRAWS THE LINE REPRESENTS

1°G 1Ke INVERSeCTIUN UF A oJRIZUNTAL PLANE AND THE TRIANGULAR

FLANE REGLOv
VERSIU. 3.3 7708780
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203

252

20
3u
1un
200
214

201

vl

292

254

251

253

ALk S0 ALSe,,

e (2Valileal1)aRAEVLGTLZ2(3)) GO TU 100

RN WA YN FLIA N D I N ¥V 1)

Lot PR e (DY) CALL JUSET(TYPRE)

IFLTYPE vttty CALL USET('DASHY)

[P (ZL3Y L7 e t2)) s 10 21v

TF(2Ze2r.bn 220000 v v) 200
XdS((Z2(3)=2v)#xt L) +(7v=2(1))#*2(3))/(7(3)=2(1)"
YAS((203) =0 ) RY (L) 4 {2v=2(11)2Y(3))/7(2(3)1=2(1))
Letitau Aue  mEwVAG) oy Tu 50

Callp uMJdve(Xxse, ¥4

LECEveGl et 2) ) GO IO 20
XS=QL202)=2v)*a(L)e(2veZ(1))eX(2))/(2(2)=2(1))
19520 (4(2)=2 1 2Y (1) e (Vo2 (1) )% (2))/(Z(2YV=7 (L))
GO TO Ju

X9 (LZ(3)=2V IR (2)4(Lv=3(2¢))2x(3))/(2(31=2(2))
YOS(LL3)=Ly )oY (£)¢(2v=202))2Y(3))/7(2(3)=2(2))
IR (Z0UM) Cabl CLIPUX4, Y4, X9, Y9, ALUXIP,YLO,YUP,KLIP)
Ib (Ul L) CaLl LPEN(XDLYS)

CONTINUE

He FUKRA

1E (v, LELCCLYY GU YO 2061

Gu TL 203

JF(Zv.GEL2(3)) 5Su TO 3u)

1) T 203

Aaz=xX(1)

Yas=y(1)

Xh=A(2)

152Y(2)

GU TH 202

xasx(2)

Yazsv(2)

x5=X(3)

¥Yo=Y(3)

Caul, UmOVE(Xd,14)

I#(20UM) CALL CLIP(X4,Y4,X5,Y%,XL0O,XUP,YLO,YUP,KLIP)
IFL DT nbjr) CALL UPEN(XS,YS)

RETURN

IF (X G L ALOAMD A LE XUPLAND Y4, GE,YLU.AND Y4, LE,YUP)
U lu 251

GU TU 2%5¢

IF(MPTIS,EQ, 1 UK MPTS. EQ.NPTSY GO Y0 253
MPTSSYPTS+)

GU TU 294

mPISEZ

IF(LPTS.E¥, u) vEWTAGE,FALSE,

CALL USET('LInNe")

CALL, UMOvE(X4,Y8=DELY)

X6zEX4

YozY4=DELY

X7=X4

Y7sY4+0ELY

CaLlL CLIP(X0,Y6,X7,Y¥7,XLO,XUP,YLO,YUP,KLIP)
IF(.NUT,KL1P) CALL UPEN(X?7,YIT)

15
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CALL UMOVE(X4«-DELX,Y4)

X6sX4=-DELX

Y=Y«

Yo=Y4

X73X4+DELA

CALL CLIP(X6,YO0,X7.Y¥7,4L0,XUP,YLO.YUP,KLIP)
IF(NULKLIP) CALL UPEN(X7.Y?)

CALL UPRNTI(NTAS, ' INTEGERNUMKEK?)
IFCPYPE.EQ, 'DUT' ,OR.TYPEL.EU. 'DASH') CALL USET('DASH’)
IF(TYPE.EW, 'DOASH!) CALL UPSET('SETDASKH',12.)
IF(TYPELEQ,'DOT') CALL UPSET('SETOASH!,92,)
GO TU 252

FND

SUBROUTINE SURVI(XX.YY,2Z,K,Y.2)

DIMENSION XX(3),YY(3),22(3),.X(3),Y(3),2(3)

SERREREBEFSERLERRSKGSEEEEARESEISPFEREREELSSERELSAREEESRREESRERRERSRENN

*
*
| ]

THIS SUBROUTLwE IS CALLED 8Y INTER AND SORTS A SET OF THREE ¥
POINTS INTu ASCENDING ORDER BASED ON THE Z VALUES L
VERSION 1,0 5/16/80 ¥

SERSRERARERERBERN RN KRS ES AR EEL RN RIS RRSREREERIRBERREIRESERRRENS

31

[

DO 31 Isi,)

X(1)=XX(X)

YCI)sYy(l)

2(1)=L2¢€1)

DO 2 J=1,2

Do ¢ 1=1,2

1F(Z(1).LT,2(1+1)) GO TO0 1§

UUM=Z(I1)

DumXsA(l)

QuUwYsT(])

2(3)22(1+))

f(I)sY(1+1)

X(Iysxetel)

Z(1+1)2pUM

AlI+l)shumMyx

Y(l¢l)3DUMY

CONTANUE

IF(ZUL) L LF,2(2),A¥D.2(2) . LELZ(3)) GO TO 3

aRITE(O, VIXL1) YY), 201D, X(2),Y(2),2(2),Xx(3),¥(31,2(3)
FURMAT(//,! ERRIR DETECTED IN SUBROUTINE SORT!//3(3(2X,EL185.837
RETURY

kN

SURRUUTINE CSCALE(X,Y, M, N, MM NN, XLOW,XUP,YLOW, YUP)
DIMENSTON X (MM ,uN),Y(MM,NN) ,N(M)

SEFRSELBRERERIERL 508 ELLRBRREBEFRERREBRRSLENSRAERERSLEFRLRRESRSEERAEREN

s
)
L]

THIS SUBKUJUTINE 1S CALLED BY SLICE AND SETS UP IHE PLOTTING *
wINDON LN VIRTUAL SPACE »
VERSIUN 3,0, 6/24/80

CEFSSRESEEEEEEBL BP0 548008000 RRARARRRRESNRESASEERRERERNESIESARSEY

YMAXZ™] kb))

Ny 1 I=1,m

TECYCL NI GRLYMAX) YMAXEY(TI,N(I))
CONTINUE

YminNsYMAX

bU 2 1xl,m

IF(Y(Ll,1)oLToY L) YMINZE(I )
CORTINUE

XMINZX(1,1)

AMAXBX(M, 1)

CALL NEATOXMAX, KMIN,XUP,XLOW)Y
CALL HEAT(YMAX,YmIN,YUP,YLUW)
CALL UWINOCQCXLOW,XUP.YLOR,YUP)
RETURN
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[ AT
SuBRULLINE 9EQAL(A8X, 25N, AP, X) Us)
BEEELBLDAPIERDE0 50805430 R0042430 508880008 0RRCECRERSERREERNEREEGNEEX

* THIS SUBRUUINLaE 38 Cabue” g CSCALE ALD r (EXMINES INEAT! VALUES
. fFUR PLOTIlue SCaueS ]
] VERSLGe b4t h/L16/780 5

L T T I N I I e T T T Y YRR R I R Y SIS T
AFLABD(ANMAR) L Aand (M) ) G TL
EXSALMNTCALIGIC(ARS(ANAA)))

2 HElJ.%etix
YUPS(AL: i IXNAA/RIS] )80
(bl tary /)y ragi) abPal,
XtgeSlalwl(d=) 1 /irel ) &R
LRI LX) /) niaus XLOASG,
Re LR
1 FASAS T LAL GO (ARS(XNT YY)
G Tu 2
[BETA]
SHHRUOLTNE HwlNDOCALY,, XUP, YL, YUP)
vErrS10M wlaun(lN)
CuemUN /RLR2?2/7 sS8CaLE 27 e R, 3081 E,Y2FK
Cuavun /eue S/ 100
ISCALES(wln)(Z)eal 1))/ Ak = (i
ISCALES(RI ML) Lo 3) /(Y it =YT LY
ALERSSInb U} )= S a0, exin
YLeREa (3 ) ey SCanLed (Lo
RE TRy
[ AaR]
SugRbg I pve e Yae LAY
CAldl, LRAPH
Cotd, PLIAUN 0, 7,041
L N
i
oltepaul T e e (%, )
Caul, vLolta,t, 17,0000
Caul, AP
welom:
t o
S e PR TG )
[SY Y SRR BV RN BN O 3 G Y
NT<kdST 0 Poapk ()
ALl Ankna
Canu Jufb
LY REARNIIFS ETIVE I
1uu Fruws Al (Le)

vie Lewe.

roeod
el ve. Akt Y,
RY 3 Y

o

Stigmiar g v taae DL

TP Caeb 0. vam ) Caph L LCTYR(S)

1P (AePive ' lE ') Curne el YEL2)

telhgr o i A0 v B Yk

et it

[ S

SEUCKUUT L or G b (A3, Ya AN, 19, AU, XUPYLU, YO, aLlP)

touwtdnl AUt

Pi.lrsarduSe,

JOAR g0t oAl g/ 1 g Xauglb dAUPhl 1 XS GEYLDaAVU XD LE, XUP,
SAN g f et oV Lt v Y il a YUl ML (X9 CE  YLUL AN YS LE,YUP)
» brllx,

1 IPERQ . LTeA i ga sodhLlerLl) GU Tu 999
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99y

10

20

3

4u

50

(1Y

70

80

1uo

200

$BEwy

IF(X8,GT+XUP ANDLAS,GT.XUP) GO
1F(Y4.L1.0LU,AMD 15,LT.YLO) GU
LF(Y4.GTYUPANDL YIS, GT.YUP) GO
1F (X4 LT ALULAND A5, 6T ALU) GU
IF(X4.GTo kP AND XS, LT XUP) CGD
IF (RS e LT AL AND L X4.GT.ALD) GU
IF(XSeGleAUP.AND X4, LT XUP) G
1F (Y8 LY YLCAND,¥S,CGT YLU) GU
LF(Y®., LT YUP L AND, YS LT.YUP) GO
IF(YS5.LTYLO . AND.Y4,GT.YLO) GU
1IF(Y5.GT.YLP. AND . Y4, LT.YUP) GO
GU 10 200

KLIPS.IRVE,

KeTURN

XTaaLl
YISY4+(YS=Y4)#(XLO=X4)/(X5~X4)
X4zxT

Yaz=yT

GO TU 100

AXTsXup
YTSVO+(Y¥S=Yu)®(Xe=ALP)/(A8"XS)
X4skT

Yazi1

GU TU louv

xr=XxLy
YI=15¢(fa=5) 9 (XLU=XS)/(X4=Ar5H)
x6=XT

15=y

s TR Yen

Xi=Kip
(r=19¢C1dmys 3 (XK5=XUP)/(X5=X4)
X5sxT

YH=v

Gu Lty e

YrsykLu

T2+ (x5=Xx4)} ¢ (1LU=1A)/(YS=V4)
xa4=xT

YazvT

G Tu 1o

Yisyue

ATZAL+ (AD=XA1&(VR= Uk )7t Yd=YN)
ras=aT

Ya=yl

GL TO 100

{rayL
ATEAS#(Xdwx b)) ¥ (YL teX )/ L a=1S)
xh=xT

Yo=aT

GLU TU 10w

Yrsyuv
XT=AS+(x4=x3) (152 ir)/7(1d=18])
xS=xl

15247

IF(X9eGEALULAND XA LF . RUPLAVD Y4, GE.YILC
SAND YA LEYUP AND AS . GELXLUANL L AS LY XY
aBANU.YS . GELYLULAND ,YS, LE,YUP)

) TO 1

CALL UMGVE(K4,Y4)
RETiIHN

Exy
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